Accurate estimates of aboveground biomass (AGB) from forest after disturbance could reduce the uncertainties in carbon budget of terrestrial ecosystem and provide critical information to related carbon policy, Yet the loss of carbon from forest disturbance and the gain from post-disturbance recovery have not been well assessed. In this study, sensitivity analysis was conducted to investigate: 1) influence of factors other than the change of AGB (i.e. distortion caused by incident angle, soil moisture) on SAR backscatter; 2) feasibility of cross-image calibration between multi-temporal and multi-sensor SAR data; and 3) possibility of applying normalized backscatter to detect the post-disturbance AGB recovery, A semi-automatic empirical model was proposed to reduce the incident angle effect. Then, a cross-image normalization procedure was performed in order to remove the radiometric distortions among multi source SAR data. The results indicate that effect of incident angle and soil moisture on SAR backscatter could be reduced by the proposed procedure, and a detection of biomass changes is possible using multi-temporal and multi sensor SAR data.
INTRODUCTION
The carbon budget of terrestrial ecosystem has large uncertamtIes at both the global and regional scales {I j. Aboveground biomass (AGB) stock from forest represents an important component in the global carbon cycle and related carbon policy {2j. Anthropogenic disturbance including deforestation and forest degradation from management manipulations has led to significant changes in biomass and thus carbon budget {3 j. Yet the loss of carbon from forest disturbance and the gain from post-disturbance recovery have not been well assessed. Active remote sensing technique such as Synthetic Aperture Radar (SAR) is promising in measuring and monitoring the spatial and temporal variation of forest carbon stocks, A series studies suggested that a widely applicable relationship exists between AGB and backscatter from L band SAR for woody vegetation with lower level of biomass (:'S 150 Mg ha· 1 ) in tropical {4J, temperate and boreal biomes {5, 6j. Especially, L-band quadpol pol-SAR imagery could be used to retrieve accurate estimation of biomass and carbon stocks in low biomass region such as savannahs {4J, early stages of secondary succession {7J, and post disturbance recovery {3J. In addition, comparative study of different airborne SAR data {8J demonstrated that cross calibration is feasible for radar data obtained through stable systems under similar conditions, Meanwhile, studies have reported that SAR backscattering is wavelength and polarization dependent, and with certain saturation level {9, JOj. Nevertheless, many important factors including change of forest structure {II J, radar incident angle {I 2, 13 J and look direction {I4 J, surface and environmental conditions (i.e. soil moisture) {I 5, 16J affect the relationship between radar backscattering and forest AGE. Thus very few studies have been focused on analyzing sensitivity of multi-source SAR backscatter to change of AGB after forest disturbance, The objective of this paper is to analyze sensitivities of multi-temporal and multi-sensor SAR signatures to forest recovery from recent disturbance. The paper is organized as follows, First the study area and data are described, followed by a description of factors that affect changes of SAR backscatter. Then a cross-image radiometric normalization method is proposed to remove offset between images acquired from multi-temporal and multi-sensor data, and the performance of correction is evaluated by applying it to representative recovered forest stands after disturbance. Finally, the result are discussed and conclusions are drawn. Terrain-corrected and geocoded PALSAR Level 1.111.5 data were processed through the Map Ready Remote Sensing Toolkit developed by the Alaska Satellite Facility (ASF) with National Elevation DEM (NED). AIRSAR and SIRC data were imported in covariance matrix and converted to stoke matrix, then geocoded to Landsat TM image in 2000. All conversions were processed in power domain but not dB, so the arithmetic not geometric means were used. All SAR images were processed by the modified ROI_PAC to conduct automatic precise geometric co-registration between SAR images and the same Landsat TM image.
3,2, Incident angle correction
Local incident angle is defined as the angle between the radar line-of-sight and the local vertical with respect to geoid. Many studies [12, 13} have indicated that a radiometric distortion of backscatter introduced by incident angle. Radiometric distortion due to incident angle on the backscattering from airborne SAR data (e.g. AIRSAR, UAVSAR) will be analyzed and corrected by a semi empirical method [20j. A correction model was applied:
HH and HV:
where B e is the radar incident angle at the center of the image, and B o is the local incident angle, n is the power exponent coefficient normally range from 1 to 2 determined by target attributes. For airborne SAR data, regression models were developed for radiometric correction of for forest and non-forest in each image using ENVI/IDL 4.8.
3,3, Cross-image radiometric normalization
To study the effect of surface environment such as soil moisture on change of SAR backscatter scattering, SAR signatures near the Main Flux tower was extracted from PALSAR collected during the growth season. Relationship between SAR signatures and soil moisture (2007-2010) over the study site will be analyzed. The existence of the saturation point and the different mechanisms from soil and canopy vegetation (Fig 1) will be utilized to conduct normalization for multi-temporal and multi-sensor SAR data. Model study [21} has also indicated that backscattering from soil is stronger than that from canopy in low biomass (i.e. bare to grass land), and weaker in high biomass (i.e. forest). First step normalization makes use of the attributes that SAR signals saturate at higher level of biomass (i.e. mature forest). Then, a further normalization fits the "soil line" (Brown dashed and dotted lines in Fig 1) and reduces the effect from soil component by subtracting it from the total signature. The normalizations will be conducted to both airborne and space borne backscatter data. Radar backscattering from the undisturbed mature forest stands with high level of biomass and the unchanged non forest to forest transition plots with low biomass can be used to verify the efficacy of normalizations.
RESULT AND DISCUSSION

Sensitivity of backscatter to incident angle
For AIRSAR data, after the radiometric correction (Fig 3) , the overall trend of backscatter along incident angle was removed and the corrected values keep relatively stable lTI three polarizations (R: HH, G: HV, B: VV). I'-.
-... .. Two plots with field measurements in 2009 were chosen to show the sensitivity of backscatter to soil moisture (Fig 4) . Scatter plots show there do have an increasing trend between SAR backscatter and soil moisture (i.e. water fraction by volume) at HH polarization for low biomass plot, but not the high biomass plot. However, the trend was not significant at HV polarization for both plots. Based on these relationships, a correction of radiometric distortion due to different soil moisture conditions is possible.
Sensitivity of normalized backscatter to post disturbance AGB recovery
The normalization was conducted to both airborne and spaceborne backscatter data. Representative stands (Fig 5.  a) were selected with assistance from forest management map (Fig 5. b) , to analyze change of backscatter coefficients and test the proposed normalization algorithm. On the one hand, airborne AIRSAR data in 1989 and 1994 were normalized to UAVSAR data in 2009 (Fig 6. a) . On the other hand, spaceborne SIRe data in 1994 and PALSAR data in 2007 to 2009 were normalized to PALSAR data in 2009 (Fig 6. b) . 
CONCLUSION
The proposed normalization procedure in this study successfully removed the radiometric distortions among multi-temporal and multi-sensor SAR backscatter due to different acquisition conditions. Result confIrmed that the effect of incident angle on SAR backscatter could be reduced by a semi-automatic empirical model. Sensitivity of SAR backscatter to environment conditions (i.e. soil moisture) was analyzed via spaceborne PALSAR data and in-situ measurement over grown season. Knowledge from these sensitivity analyses is critical in processing multi source SAR data for measuring and monitoring changes in forest AGB. The cross-image radiometric normalization ensured the derived AGB of regrowth forests were cross calibrated, and thus make the detection of biomass changes possible.
